Abstract -This paper emphasize on the effect of mobile signal penetration towards wooden building construction materials in Malaysia. The results of signal strength measurement at frequency 900MHz in the anechoic chamber with different types of wooden building construction materials and thickness is presented. The objectives of these experiments are to identify the types of wooden building materials in Malaysia that have significant impact into signal penetration and determine the effect of the identified wooden materials thickness towards signal penetration into building materials. This paper also report on the anechoic chamber and experiment setup that is used in the experiment.
Introduction
Wood has become an important commodity in human life. It has been used in most of human life especially as a construction material and also as a source of energy. In Malaysia woods can be mainly divided into four main categories; heavy hardwoods, medium hardwoods, light hardwood and softwood. Another type of wood base that used as a construction material is plywood. Table 1-4 shows some examples of the wood in each category and Table 5 shows the plywood characteristics [1] [2] [3] . Besides, woods also can be divided into low-density springwood and high-density summerwood. The structure of the wood depends on the direction, density and continuity of the wood fiber. Woods in Malaysia can be categorized under the summerwood and the process of determining the type of wood depends on the environment climate.
In the building construction materials, the compressive strength of wood is not as strong as bricks or metal due to the presence of fungus spores and wood insect. However, this can be avoided by keeping the wood in dry condition, adding poison and used treated woods.
Anechoic Chamber
The anechoic chamber used in this experiment is in rectangular shape and can be divided into two similar parts. Each part of sized is in 4ft x 8ft x 4ft and when combined together will produce a 4ft x 16ft x 4ft rectangular anechoic chamber. With the two separate unit of rectangular chamber, it allows ease process of placing the material under test (MUT) inside the chamber. The joint contact at the center of the two rectangular chambers will be used to place the material under test as shows in figure 1. In order to meet the free space requirement, each sidewalls of anechoic chamber are place on with pyramidal absorber. An ideal absorber is a reflection free that the incident power is completely dissipated into heat energy and possesses a non-vanishing residual reflection coefficient [4] .
A material with low dielectric constant for the sidewall of anechoic chamber such as polyurethane foam, ferrite tile and dielectric layer (plywood with dielectric constant 2.0) are used in this study to produce a close match to free space as well as reduce reflection. The polyurethane foam used is made from urethane foam impregnated with a dielectrically matched conductive carbon, which will obtain maximum loss in electromagnetic energy without generating reflections. The dielectric loss mechanism in the carbon filler is due to the frequency-dependent and complex permittivity. A series of carbon loaded foam pyramidal absorbers is specially designed for anechoic chambers. Good performance of absorption means only a small amount of electromagnetic energy is reflected from the absorber, with most of the energy dissipated as heat in the absorbing material.
Since the frequency range under test is from 800 MHz to 1.8 GHz, and the thickness of anechoic chamber depends on minimum frequency that is 800MHz. Therefore, the overall thickness of pyramid absorber is quarter of 0.375 m wavelength (i.e. c = J), which is approximated 9.4 cm ( 10 cm is taken for ease measurement). The thickness of ferrite tile is 0.6 cm and the thickness of plywood as dielectric layer is taken as 1.2 cm so that the dielectric constant is 2.0. The cross of designed pyramidal absorber is illustrated in Figure 2 . In order to cut the polyurethane foam into pyramid shape, a cutting machine called Benchtop table saw with adjustable saw that can be adjusted to certain required angles is used. The cut pyramid absorber panels was lined in particular array order on the walls, bottom plane, and top plane of the chamber by using silicon glue for ease of wear and tear of absorber panels. The arrangement of the absorbers was carefully done to minimize the discontinuity between the neighboring absorber panels. Gaps and misalignment of the pyramids may give rise to a greater reflectivity.
There are two common methods of mating in the corners; that is to cut the material at 45°and form twoway and three way corners, another is to form blocks of material the same thickness as used in the sidewall and end wall absorbers and form a picture frame of solid material in the corners as shows in Figure 3 . Since the latter is recommended for most applications as it provides higher absorber losses in the corners and reduces potential corner reflection effects [5] , it is applied in this research. 
Experiment Setup
The experiment was conducted in a full rectangular anechoic chamber with sized of 4ft x 4ft x 16ft. The material under test (MUT) in this experiment was put in the center of the chamber and then the signal was transmitted from the Log Periodic Dipole Array (LAPD) antenna on one side and the receive signal was observed by using another LAPD antenna on the other side. The LAPD antenna were used in this experiment since it was a broadband, multi-element, unidirectional, narrow beam antenna that had impedance and radiation characteristics that were regularly repetitive as a logarithmic function of the excitation frequency [6] . The signal received by another side LAPD receiver was observed using the spectrum analyzer which is connected to the PC. The information receive was recorded. The same steps were repeated until 50 times to get the average values for each of experiment. A general set up of anechoic chamber is show in Figure 4 and parameter of anechoic chamber set up is shown in Table 6 . Transmitting Power 16dBm
Result and Discussion
A few types of wooden construction materials such as plywood, belian, meranti and MLH were used in this experiment. These four types of wood are in different categories; belian is classified into heavy hardwood, meranti is in category of light wood and MLH is a type of softwood. The experiment was conducted in two conditions, which were arranging the line structure of wood in the direction of vertical position and horizontal position. Table 7 shows the result of signal penetration through the 3 types of wooden materials. The result shows that, the signal penetrate better if the line structure of wood is arrange in the vertical position. Among the MUT, the signal can penetrate better through Meranti woods compared to Belian and MLH. The result could be clearly seen at the bar graph provided in Figure 5 . In order to know the effect of signal penetration towards the thickness of MUT, the experiment was resumed by using the same wooden materials but increase the thickness. The results were concluded in Table 7 and Figure 6 . As expected, the signal penetration becomes worse as the thickness of the woods increased. The signals penetrated better through Meranti wood compared to Belian and MLH as previous experiment. ..
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The experiment continues by changing the MUT to plywood. The experiment setup is similar as previous and the result is stated in table 8 and Figure 7 . From figure 7 , it is clearly that when the thickness of plywood increased, the signal penetration through the plywood become well. Therefore, it can be concluded that the signal penetration through a building that is made from plywood should be better if the plywood is thicker.
Conclusions
This paper had presented the effect of signal penetration towards the wooden building construction materials and the designed of the rectangular anechoic chamber. The dimension and mating method of pyramid absorber that were used in this research also reported. Further investigations of different types of construction materials such as metal, brick, glass and others will be conducted. The expected outcome from this research will contribute to the improvement of the quality of service for the signals receive inside a building. However, the results obtained in this research still need to be improved as the measurement did not take the consideration of dielectric permittivity, which is used to determine the transmission and reflection coefficient. Besides, the measurements were done in a hand made rectangular anechoic chamber that may not be as perfect as what has been planned. But, the anechoic chamber testing shows that the chamber is 80% accurate compared to the dimension that has been planned. The analysis on different types of same categories woods will be conducted in next experiments to obtain more precise results.
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